ABSTRACT
INTRODUCTION
STUDY DESIGN 1 The study is a stated perception (satisfaction) survey, where each roadway segment is rated 2 on a fixed satisfaction scale. The methodology was to have respondents view numerous 3 roadway segments captured on video and rate these segments with respect to how satisfied 4 they would be driving a car under the roadway conditions shown on video. 5
Two basic elements in a video survey have to be addressed; duration and design of 6 video clips. From previous studies we know that respondents want to rate a video clip after 7 about 30-40 seconds and starts to lose interest in a video clip after about 2-3 minutes (4, 21). 8
In order to find the most appropriate duration and design of video clips a second pilot study 9 was undertaken (23). This study included a panel of respondents testing size, shape and 10 presence of five elements in a video clip; view out of windshield, rear window, the two side 11 windows including exterior mirrors and a speedometer. Different types of separation and 12 frames between these elements were also tested. The panel preferred the design shown in 13 Figure 1 . This design provided them the opportunity to quickly perceive road design, traffic 14 operations, etc. 15 16
FIGURE 1 Preferred Design of a Video Clip 17 18 19
Different ways of recording and presenting sounds was also tested in the pilot study. 20
Recordings of sound from two microphones located close to the driver's ears were found to 21 be best (23). Different ways of introducing a video clip was also tested. Besides a video clip 22 number that respondents use to find the right spot to make a satisfaction rating on a scoring 23 card, the panel found it important that the introduction informs about the type of road and the 24 speed limit. 25
The duration and "content" of a video clip was tested in several ways. In one test the 26 panel rated their satisfaction as a car driver as fast as possible still feeling confident about 27 their rating. The average view time needed to make a rating was 12-15 seconds. Fastest rating 1 was after 3 seconds and slowest rating after 35 seconds. Overall 22 % of the fast ratings were 2 different compared to ratings made after the end of the video clip. roundabout. For freeway and rural highway segments, the video clip should end at least 100 20 meters before a yield or stop line. Also a 10 and a 5 seconds rule apply stating that the video 21
clip should start at least 10 seconds before a lane change or major change in cross section 22 (including transition area), and should end at least 5 seconds after a lane change and major 23 cross section change. The reason for these rules is that respondents do not understand these 1 changes unless they have time to experience a state before and after. 2 3
Video production 4
Video recordings were made in fall, spring and summer 2014-2015 in daylight hours, no 5 precipitation and no snow on the ground. Video recordings were made from a passenger car 6 using a GoPro for view out of windshield and a VBOX system with synchronized cameras 7 through side and rear window and GPS based speedometer. If possible, the car travelled 0-5 8 km/h below the speed limit, in the right-hand lane, in center of the drive lane, and with a time 9 distance of 2 seconds or more to a vehicle in front and in the same drive lane. Turn signals 10
were always used when performing lane changes. There were no radio, music, talk or fiddling 11 with stuffs inside the recording car. All recordings that had aggressive or unusual behavior 12
were deselected e.g. Policy-response biases were hopefully at a minimum by having a brief, neutral welcome 8 presentation on video and a short neutral instruction to satisfaction rating also on video. The 9 rating was kept as simple as possible. The rating was based on a short question: "How 10 satisfied were you as a car driver on the shown road?" The question could be answered by 11 ticking of a six-point scale ranging from very satisfied to very dissatisfied. An overview of 12 satisfaction ratings is given in Table 2 . Respondents had 10 seconds between video clips to 13 make a rating. 14 15 Car driver satisfaction models for freeways were developed using the software SAS version 26 9.4. PROC GENMOD was used to set up ordinary generalized linear models (GLM). GLM 27 models use average ratings for each freeway segment on the nominal scale, see Table 2 . 28 PROC LOGISTIC was used to set up cumulative logit models (CLM). CLM models use 29 response ratings on the ordinal scale. Determining the key independent variables that 30 influence respondents (car drivers) satisfaction was the primary objective of data analyses. 31
The approach was to use CLM stepwise regression to determine all main effects, search for 32 significant square and interaction terms, and eliminate spurious variables and variables not 1 significant at a p ≤ 0.05 level. Optimization technique was Fisher's scoring. Increasing the 2 number of variables had to result in a reasonable reduction in Akaike Information Criterion 3 (AIC). After the development of CLM models, the same variables were then used in GLM 4 models except for variables describing respondents. 5
The variable that has the strongest relation to satisfaction ratings is average speed of 6 the recording car and surrounding vehicles (overtaking, being overtaken, in front and back of 7 recording car) in the driven direction during the video clip. This average speed relates more 8 to ratings than average speed of the recording car, which means overtaking is included in 9 respondent perception and their satisfaction rating. Speed of cars in the opposite driving 10 direction has no influence on ratings. The CLM models in Figure The respondents rated learner video clips that were repeated in the second rating session. 11
Only 46 percent of ratings of the first learner video clip were exactly the same as ratings in 12 the second rating session, but for the second learner video clip 58 percent were exactly the 13 same. The average rating on the nominal scale for the first learner video clips was 2.42, but 14 when the same video clips were shown in the second rating session the average rating was 15 This means that some respondents actually had rating problems with the first learner video 2 clip, but respondents seem to have overcome these beginner problems when rating the second 3 learner video clip. Therefore it is concluded that results and models are not biased due to bias 4 related to beginner problems. 5
GLM
The order of video clips was randomized once. However, video clips were shown in 6 this randomized order and in reversed randomized order. By doing so it was possible to detect 7 how respondent fatigue influenced satisfaction ratings. Analyses show that there was no 8 tendency to respondents rating becoming more dissatisfied or satisfied during rating sessions, 9 the average rating only worsened by 0.004 on the nominal scale from the first to the twentieth 10 video clip in a session. The respondents had the exact same level of satisfaction in the first 11 and second rating session, so the break between the two sessions had no influence. It is 12 therefore concluded that results and models are not biased due to bias related to respondent 13 fatigue. 14 Repeater video clips had some influence on model development. When models were 15 developed without ratings of repeater video clips, i.e. only ratings of 36 video clips were 16 included, then the variable for speed limit was not significant. The speed limit variable works 17 as a proxy for the free-flow condition. By using ratings of repeater video clips, a bias related 18 to lack of varying satisfaction for different free-flow conditions has been avoided.
19
Overall we may conclude that some possible biases that may arise due to study design 20 are small and may be neglected. Sunlight coming in the car through the windshield annoys the driver and he/she is 8 then less satisfied compared to no sunlight. But sunlight coming from behind makes drivers 9 more satisfied. 10
It was also found that respondent age, type of driver license and yearly mileage 11 impacted satisfaction rating on freeways. Older drivers are more satisfied than younger. 12 People with large truck driver license are more satisfied than those without such a license. 13
Those driving less than a 1,000 km a year are more dissatisfied than people driving more. 14 There were no difference in ratings from Herning and Lyngby-Taarbaek, which means that 15 respondents from minor towns and metropolitan areas rate freeways the same way. 16 17 CONCLUSIONS 18
Overall models show that car drivers experienced level of service on freeways heavily 19 depend on average speed of vehicles in the driven direction. Speed is much stronger related to 20 CLOS than traffic flow or traffic density. When flow reaches capacity of a freeway then 21 speed drops significantly and drivers go from being satisfied to being dissatisfied in most 22 cases. How dissatisfied drivers are after a traffic breakdown depends on the speed in this 23 flow. Models that do not include average speed as an independent variable but include traffic 24 flow have strong relations between flow and CLOS before a traffic breakdown but describe 25 CLOS poorly after a breakdown. 26
The car driver satisfaction models and the subsequent LOS designations provide 27 traffic planners and others the capability to rate freeways with respect to road users 28 satisfaction. Models can rate existing freeways in real-time and retrospective, and provide 29 road users, navigation systems and road administrations with valuable information to choices 30 before and during journeys and to optimize budgets for freeway improvements. Models may 1 also be used in the process of designing new freeways or redesigning existing freeways. 2 Models are not biased due to respondent fatigue, beginner rating problems or lack of 3 satisfaction ratings of free-flow conditions. Models enable practitioners to calculate the 4 experienced utility that car drivers perceive on freeways. 5 6
